This study is aimed to control unstable platform by introducing control system design through low-cost test rig for two rotor system with a feedback control. The rig is used to control the bank angle by adjusting the thrust from each rotor and useful as a teaching aid in control system design. In this paper, the transfer functions of the dynamic system for the two rotor platform was derived and introduce into the controller system. Inertia Measurement Unit (IMU) was installed to provide feedback to the control system. MATLAB Simulink is used to simulate the response of the system before going to the real application while LabVIEW is used to interface the hardware interface and programmed the control system.
1.0 INTRODUCTION
Currently, quadrotor becoming popular platform for unmanned aerial vehicle (UAV) as compare with fixed wing due to the fact that they provide a better maneuverability and low-cost in manufacturing, operation and maintenance [1, 2] . Control system was defined as a mechanical or even electronic system which is used to maintain the desired output [1] . The objective of control system design is to design and implement a control strategy such the actual output of system is equal to desired output or the references signal [3] . The implementation of control system in aircraft becomes useful tools since it helps pilot to control the aircraft in order to fulfill the mission profile and achieving level 1 flying handling qualities. The goal of this study is to develop a control system which can maintain platform banking angle by controlling the thrust produced by the rotors. It is also used as a teaching aid material in Control Engineering subject in order to relate the theories with practical application. Rotary system for unmanned aerial vehicle (UAV) promote a better potential in control community as compared to fixed wing UAV due to their enhanced maneuverability like able to fly in confined space such as urban environments or even small indoor spaces [4, 5] . However, the high thrust to weight ratio become a technical challenges in implement the rotary system so that the careful choices of batteries, electric motors and rotors will be essential [5, 6] .
For this particular study, two low-cost rotors were used while the platform were made up from balsa wood as it is easy to fabricate but this exhibit unstable platform thus cause an issue in control authority of the platform. At the same time, this design can significantly lower the mechanical complexity thus reduce the cost of operation and maintenance [7] . In this paper, the approach is to design a control system with a closed-loop feedback to improve the steady state and transient response hence able to control the platform [4] . A simple lightweight test rig with one degree of freedom configuration combined with hardware in the loop will be used as to implement the control strategy [5] . The platform is controlled by varying the speed of rotation of each motor. The left rotor rotates in clockwise direction while the right rotor rotates in counter-clockwise direction in order to balance the torque created by the spinning rotors. The relative speed of the left and right rotors is varied to control the bank angle of the platform. However the dynamics of the two rotors can make the vehicle difficult to control. However, the implementation of the control system has made it possible to design and able to fly with satisfied handling qualities [8] .
2.0 MATHEMATICAL MODELLING OF TWO ROTORS PLATFORM
An accurate estimation of parameter is essential as the development of a mathematical model for the dynamics of any aircraft is extremely beneficial to control system design and characterization of handling qualities [1] . The derivation of dynamics system was based on the mechanism of the system. Then, it was transformed into transfer function using Laplace Method. There are several assumptions were made during derivation of mathematical model such as, assuming a linear relationship between variables while ignoring small effect in the system, the system is not influenced by surrounding and using lump parameter estimation [3] . The two rotor test system was made from balsa wood to be as lightweight as possible to provide sufficient lift to the system [5] . The rotors were mounted on both ends of the balsa wood and constrained to rotate in one degree of freedom at its pivot point. The platform must be leveled in initial condition. Thus the system is said to be in statically stable condition [9] . The two rotors will produce an upward lift which is controlled by the motor controller. The desired input angle will be fed into the motor controller as a command for the system to maintain at a certain angle. Once the platform has stabilized at level condition, the platform will receive a signal to change the speed one of the rotor to allow it to bank at a certain desired angle. The controller reads the bank angle data from IMU 5-degree-of-freedom sensor and compare it with the input angle as commanded by user. This system is known as a closed loop or feedback system. The system was designed to control banking using two rotors at both ends. The result is a couple moments due to rotor thrust created the angular motion to the platform, so that the analytical dynamics of the test system will involve couple moments and angular acceleration.
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The summation of moments was referring to the thrust of the one rotor multiply by length of arm minus the others rotor thrusts, T multiply by the length of the arm. Since the moment created will be in opposite direction to each other, then the summation of moments is simply depend on the differences between the thrust of the two rotors.
The value of the mass moment of inertia for the system can be defined by:
For the pin and sensor, its contribution to the total mass moment of inertia is too small and hence can be neglected. The motor were approximated as rectangular cuboid solid. 
Thus, the total mass moment of inertia is:
Therefore, the final dynamic equation is a relationship between rotors thrust to the angular acceleration that would be experienced by the platform. The input will be thrust; T and the output will be the angle displacement, Ө. Since the thrust comes from the difference between two rotors and using Laplace transform to convert the dynamic system from time domain to s-domain:
Analysis of the characteristic equation on the system gives = = 0. Physically the system behaves neutrally stable where the platform remains at a new position once it's been displaced from initial position [9] .
Furthermore, a control system is an interconnection of components forming a system configuration which will provide a desired system response. Another block diagram was needed in order to convert from one unit condition to others unit condition to get desired output same as the demand input. By referring to Figure 2 , it represents that the thrust variation multiplies with the system transfer function will yield banking angle. Physically, the thrust value is represented by reference voltage feed to the PMW circuit or known as motor speed controller for this case [10] . K1 and K2 are simply a scalar value that will be defined from the experimental while for the IMU 5 degrees of freedom the gain value were based on calibration constant stated in manufacturer datasheet (K3=gyroscope, K4=accelerometer) [11] .
In this study, the classical control approach will be used to design a closed loop feedback control and implemented in MATLAB Simulink to tune the complex control algorithms [12] . The inner loop which is known as the stability augmentation system (SAS) were used to stabilize the system by improving the steady state while the outer loop known as the autopilot is used to improve the transient behavior in order to maintain the position of the platform [9] . The block diagram is rearranged to become: The values in Figure 4 were based on our case study. Referring to the short period flying qualities chart [9] , for the good handling qualities, it is stated that the needed values for Level 1 handling quality are = 0.7 and = 3.142 [9] . Referring to Figure 4 , the denominator represents the characteristics of the system. By equating to the standard second order equation which is 2 + 2 + 2 = 0 thus it becomes:
For the rate gain: = 175.8816 (8) While for the position gain: = 0.000741
These values of gain are simulated in MATLAB Simulink in order to evaluate the response before implementation on real system.
3.0 OPEN LOOP SYSTEM TEST
The open loop of the system is analogous to the joystick control, i.e. the pilot needs to work hard in order to maintain the aircraft to be close to demand input thus prove that the needs for the feedback control [5] . The demand angle input which is unit step and the response are shown by Figure 5 . The characteristic equation of the open loop system shows when the = = 0, the output angle would diverge infinitely. The system is said to be in neither oscilate nor damp over time. Hence, in order to overcome the instability, the feedbeck loop is introduced to the system. In this case, Inertia Measurement Unit (IMU) is installed to provide physical feedback to the system.
Closed Loop System Test
In this system, the complete set of hardware consists of IMU 5-degrees-of-freedom sensor to provide feedback, data acquisition system from National Instrument (NI USB 6259) as analog to digital converter, and LabVIEW software was used to imply for closed loop system. The platform states and commands to the rotors are updated every 10 ms or 100 Hz. Figure 6 shows the overall close loop system of the two rotors platform. Figure 7 shows the schematic block diagram of the flow of the complete system.
Simulation of the complete system shows that the system is satisfied with the general control system theory as the response was decay over time as depicted by Figure 9 .
The output response of the system shows an underdamped response in the region of 0 < < 1. The rise time of this system was 1 seconds, it is shown by the time taken by the output to rise from 0 to 100% of the steady state value. On the other hand, the settling time is the time of the output response to reach a steady state value and the attitude control of this system is: 
For the maximum overshoot of the system, MP:
For a unit step, the percentage overshoot is given by 100 × = 4.5988 ≈ 4.60% and this is in function of the damping ratio. Basically, overshoot happened when a signal or function exceeds its target. On the other hand, the damped frequency of the system can be determined from the following calculation: Figure 10 shows the result of the output system response to the demand input from the real test run using calculated rate gain, Kr and position gain, Kp obtained from simulation. The LabVIEW programmed will be used as to implement the design control strategy which previously simulated in MATLAB Simulink. Based on Figure 10 , the response represents the actual behavior of the rig whereas the system were purposely designed not to have damping and the rig are in a neutrally stable condition which resulted in sensitive to any disturbances applied to the system. For example, changes from banking angle 20 degree conditions to a level flight condition at 430 seconds cause a sudden deflection to the platform but real system suffers from unavoidable delay [6] . The delays are mainly due to the hardware-software interfacing. Hence, in order to avoid the sudden deflection and delays, the design rig must have either mechanical damping or aerodynamic damping with a rapid realtime update.
The environment disturbance such as ground effect, gust and friction between components cause the response to slightly deviate from the demand input. In this case, the system response was able to maintain the bank angle as demanded.
4.0 RECOMMENDATIONS
It is recommended to use a brushless motor with its speed controller, redesigning the test rig to increase the structural rigidity, perform hardware and software improvement and accurately estimate the mathematical modeling of the system.
5.0 CONCLUSION
It has been found that by applying controller gain with the rate gain, KR=175.8816 and position gain, Kp=0.000741 to the closed loop of the system, the time response of the system has become more favorable since its behalf as underdamped response. Basically the rate gains play an important characteristic since they can cause the control loop to become unstable and increase the amplitude of oscillations which will cause the motor to suddenly speed up and damage the rig.
In conclusion, the unstable platform is satisfactory with a mean of the system=9. 3628, standard deviation=9.6368 and standard error=0.2599.
